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Testswere con&ctiedIn & Clevel& titltudewind lqmnel.to

detezminethe coollngeffectof modified,baffles.&d auxiliary-
coolingductson the nar-zw cyllndersof a bible-row Iztdial.
engineIn the power-plantIrMxiUatia.of a four-engineheavy.
bcnnber.

When the etandardbaffles.weiw replace~by modifledbaffles)
+&average temperaturesof tho exhaust-valveseatsof the rear-
row cylinderswere reduced30° to 50° F for variousop.eratlng
abnllltione. The modlfledbaffleshad littleeffecton the valve-
gulaetemperatures.The auxlli~-coollng ductsreducedthe.tem-
peraturesofthe exhaust-valveseats@ to”60°F and the imm-
perednmea.OY the resr spark-pluggaskets40°%0 70°F over the.
standard.Installationfor v~lous qperatlngconditions..,

. . .. . .. . . .“, . . ... .. . .,..... . .........“”...;, ..f..i:. .. .i.........: ..J.“. : ..... ....”. ,A~y~~”.. :, .:.”““”;.,,,... ..
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Exhaust-valveand vhlve-guidefallureeon a double-rowradial
_ m a four-e- heavybcmberhavebeen attributedto
exoesslvevalve-seatIxnqpemdmre.“(Else.meference1.) Excessive
temperaturesat the valve seatacccqppniedby largetemperature
gradlefitsN.siltIn wrping”of the seat. Eece+use!otthiswaq$ngj
ccmibustion@sbs leak‘bythe valvs in its closes.positionand
ImWnge on the exhaust-alve-guidebosswith the resultthqt the “‘
valveboss - @de Jai’e.-y: burne&dW.. . .“ .. -

. . .., .... .. .... . . .
TM tempei’atwres.of the.qre&zA3w.dxhauet+alve8eatsaver-

agedappioxhately-W .FMghen.%han “* &mtMre8 of the
front-rowseats. Measummmts of the temperaturedistribution

. ------ .— ------ -- . . .



abouttheserear-rowseatsshowedthat the mar of the seatwas a
maximwnof 181°E hotterthanthe frontof the seat. The high tsm-
peraturemand the 1- tmrat~. ~qnta at the rear-rowexhau8t-
valve eeatewere attributedto inadequate%affling) whichdid not fur-
nish a directsupplyof coolingair to the finsunder the exhaustport.
This problm was not encounteredti the front-rowcylindersInamuch as
thesefins faceddirectlyintothe air.s@eam.. ,. ,. .

The test results from un@blished data show that w tmrature
and the temperaturegradientare reducedif the hot area of the valve
seatis oooledby an externalairblast. Modifiedbafflesand
auxiliary-coolingductsdesignedto supplyB cooling-airblastto tho
hot ama of the rear-rowexhaust-valveseatvers thereforeinvestigated
and the resultsare presentedherejn. OtherHACA“b-es designedfor
the samepurposeare discussedin references2 and 3. The baffles
investigatedwerenot intendedto correcttor the excessiveteqw.atums
of the exhaust-valveguidesknownto existon the front-rowcylinders.
The testswere conductedin the CleVelapdaltitudewi@ tunuelat the
requestof the Amy Air Forces,Air Technical Service Comand~ as a part
of an extensiveInvestigationto improvethe coolihgand reducethe
coolingdreg of the Ixhberpower-plantinstallation..

Im(mIPTlm or APPARATUS .

A photogmph of the~dified rightinboardnacellein the altitude
ulna tunnel16 shownin fi@lre1. The naoe12e.includeda cowlingwith
a 43-inch-diameterinlet~ a standardcowl afterbodyJ and ~UCti(lU

long cowlflaps. The powerunit Inclzdedan 18-c?ylinderdouble-row
radialengineequippedwith a eingle-~e gear-drivensuperohargerj
two turboeuperc~ers, and a i’our-bladed~peller. The propeller
ws 16 feet and 7 inches in diameterand”“rotatedat O.3Sa@ne speed.
The enginehad a nomnal-cruisingratingof 1360brakehorsepowerat em
enginespeedof 2100 rpn and a normalratingof 2000 brake horsepower
at 2400 rpn. . . ..

. . . . . . .. . . .. .

13d’fm” “ “’-
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The modifled bafflestestedwere providedby theWrQht ‘Aero-

nauticalCo~oration and were similarin designto the I?ACAducted
baffles. The assenib~of the modifledbaffleson a rear-rowcylinder
is shownin figure2. The baffle assemblyconsistedof a head
deflector>a spark-plugair scoop,and a two-piecebarrelbaffle.
The princi~ modificationto the dxmderd baffleswas the addition
of an air duct sttaohedto the rear-m leftbarrelbaffle# which

—. - — ..- . ..A— .——.. -... — --— .-. ---- -



b’ ‘- “--
.—. — ...- ..

conductedcoolingair fnnn”the frontof the cylinderto the hot area
hmeath Ih6”exhaizs%%itveport h I&i rear of the cylinder. (See

— -—.-f-

ig. 2(a).) A c~lson of tie slzmd&gdand the modified left
barrelbafflesis * ti figures3, 4, md.5. The duct of the
modifiedbafflehas aa inletarea of 3.0 square Inches, an butlet
axea of 3.7. squexe inches,and a mininqmcross-sectlonel-a of
1.8 S~m iIICheS (f-o 3(b)). ~.minimum area in the ductpas-
sageoccurredwhexwthe ductpass~ betweenthe Intakepush-rod
housingand the cylinder. (see*:.2(C). )

The mqllfiedbaffledesi~ includedseveml otherchangesof
less impor@nce. The “hppcrpsJ% of the left rear-barrelbafflewas
extendedfurtherto the rear of the cyllnderthan the orighal
baffle_ (Seefm. 3(b).) The rightreer-ba?ml bafflewas cut
back,as indicatedin figure4j to avoidblockingthe outletfor
the blastair lea~ingthe finsunderthe exhaustport. Ribber
sealswere installedon the head deflectm and the spark-plugscoop
to reducethe gap between”them. (Seefig. 2(a).) The top section
of the leftbarrelbaffleof a front-rowcylinderwas cut back

approximately ~ inches. (Seefig. 5.)

The modifiedbaffleswere ~telled on all of the rear-row

cyl~rs exceptcylinders9 and 13, whichwere fittedwith
standexdwem-enginebaffles. Installationof the modifiedbaffles
on thesecylinderswouldhave necessitateda slightmodification
to the externaloil supplyand the returnl~s to the frontpump.

AuxiliEuY-CoolingDucts

An auxiliary-coolingduct (fig.6) -s desi~d and testedin
orderto Imestigatethe effectof a largermass of coolingair on
the hot area of the rear-rowcylindersthanprovidedby themod-
ifiedbaffles. The ductwas made in two sectionsJoinedb a

Tneoprenesleeveto facilitatehetallhtion. (Seefig. 7(a .) The
fronthalf of the ductwas made integralwith“thehead deflector
of a frcg+row cylhder. The rearhalf was fastenedto the rear
studson adJacentrbcker boxes. The mlnhum area of the duct,the
inlet,was 10 squareinchesjthe maximm area~ the outlet~ was
13.25squezeinches. (Seefig. 7(b).) The auxiliary-coolingducts
were installedon cylinders1) 3j ,and5s .whlch.wre equippedwith
standardwar-enginebafflesfor thesetests. Auxiliary-cooling
ductswere cxnlttedfrcm the remainingcylindersto avoidcaqpli-
catingthe institi~.



Ztlstrumentation
. .

Rear spark-pIu&gaeket} imbeddedrear
oyllnder-basethermocoupleswere installed

stik-plug-boss)-and“ , .
on all cylinders.

I!&nmt-valve-seattemp&atureswe~ mbamred on 13-cylindsrs ..
and exhaust-valve-@de temperatureson 7 cylinders. The thezzuo-
coupleeon the rear spark-plug6asket,the rear spark-plugbossj
and the eihaust-valveseatand @de wsre locatedas shownIn
figure8. The cylinder-basethermocouplewas peenedIntothe rear
of the cylinder-barrelflange. Cool*-air temperaturesw9re
obtainedwith two shieldedtiemnocoupleslocatedin frontof cyl-
inders6 and 14. The carburetor-airtemperaturewas measuredat .
the upperdeck of the carburetor.All temperatureswere *corded
on self-balancingpotentiometers.

The fuelused for the testsconformedto specificationm-p-~ J .
@ 100/130. Fuel flowwas mea&zredby a calibratedroteimeter.
Brakehorsepowerwas detezmlnedby means of a torquemeterfurnished
with the en@n& and the thrustof the Installationwas recordedby
the Wind-tunnel”scales.

TESTSAND METHOXE

Comparativetestsweremade with the standardbaffles,the
modifiedbaffles,and the auxiliary-coolingducts. All testswere
conductedat a pressurealtitudeof X5,000feetand an indicated
airspeedof 190 miles per hour. The tunuel-airtemperaturewas
approximately150 F at noxmal-cruislmgpowerand &o F at rated
power. All testsweremade at the seineengineconditionsand cowl-
flapdeflectionto pemnitdirectcomparisons.Data were recorded
onlyafterthe enginetemperatureshad stabilized.. .

The testswere conductedfor a rangeof cowl-flapdeflections
at normal-crulslngpower for -2° and 1° anglesof attack~ mat
ratedpowr for -# angleof attack. The teetsat qcmmal.-crulslng
powerweremade at full throttleand automatic-leanmixture.setting
at a fuel flow of 650 poundsper hour,whereasthe testsat rated
powerwsremade In automatic-richsettingat a fuel flow of
1420poundsper hour. The fixedtop cowlflaps.were set at Z$-inch
gap throughoutthe tests.
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-TS AND DISCUSSION .
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The modifiedbafflesand.the auxiliary-coollwductshave
been evaluatedby comparingthe resultingcylinder-headtempera-
tureswith the temperaturesobtainedat the mameoperatingcon-
d.ltlonswith the staMard bafflesinstalled.Directcomparisons
weremade by correctingtinetempemture data tc mean reference
valuesof the ambientcowl-inletair and carburetor-decktempera-
tures. A correctionof 1° F wae appliedfor-each1° F variation
in cowl-inletalr temperaturefrom the referenoe temperature and
a correction of 0.3° F was applied for each 1° F variation in
carburetor-deck temperature.

The valuesof net thrustgivenare.themeasurementstaken
on the wind-tunnelthrustscaleand are equaltc the difference
betweenthe propellerthrustand the dragof the installation.
The angleof attackIs definedas the Inclinationof the thrust
axis to the horizontal.NcJcorrections havebeen appliedfor
wind-tunneleffects. The relationof cowl-flapdeflectionto
truillng-e*egap Is shownin flgurd9.

IWM?led Baffles

A comparlaon of rear”spark-plug-gasketand exhaust-valve-
seat temperature for standard and modified beffl~s Is shcwn In
figure 10 for several opcratlng conditions. The values givdnare
the averages of the temperatures of the seven rear-row cylinders
on which modified baffles ware Inetalled. The modified baffles
reduced the average temperatures of tbe rear spark-plug gasket
and the exhaust-valve seat approximately 300 F for the entire range
of cowl-flap deflections investigated at a -2° angle of attack and
1350 brake horsepower. At rated power (2000 rpm), the average
temperatures of the spark-plug gasket were reduced appro~hely
25° F and the temperatures of the exbauet-valva seat about 32° F.
The temperatures obtained far tha Individual engine cylinders with
standard and modlfled baffles for various operating oondltlc)nsare
compared in fl~ure 11. The temperature reductions of the hottest
cylinder head were genarally greatar than the average reductions.
The followlng table showe the values obtalnedat a “cowl-flapgap
of’1.5S Inchas:
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yT----horHe- *ea= ~

Angle Brake !remperat with modifiedbaffl..
Exhauat-valveBeat

attackpower
(deg)

Hottest Hotte~t Avurags
(m) ‘~hy (OF) (%’)

The f~regolngtableand figureslo(a)and (c) also sh~wthat
tho modifiedbafflesreducedthe cylindertemperaturesmore at .m
angleof attackof 10 thanat -20. The effectsof angleof attack
on cylinder-headtemperaturesfor the standardand the modified
baffleInatallatlcmm18 further11.laatretedin fl@re 12. Thti
cylinder-haadtemperaturesGbteincdwith the standardbaffles
(fig.12(a)) IncreasedWIkh ~ in~rg~~e in qle of attack, whe~es
the temperatures Obtalnedtith the ‘mjdifiedbafflee (fig. l~(b))
decrenaed ellghtly with an incrense~ a.nglscf attack. This

improvement In cylindgr-he~ COOllng witk lnc~ased angle cf atvxk
1S advantageous in overcomi~ the COOllng Mfficulties usually
orperlenced with conventional COWIIWS.

Approximately the me t~perature reductions were obtai~d
at the roar spark-plug-boss as at the rear s~rk-plug gasket when
th~ mudified baffles were Installed. (Sea”flg, 13.) These data
indl~~t(jthat the air blast from the b~f~o duct c~olgd the m~tal
cf the cylinder head as well ae t~t of the syark-plug gasket.

In contrast to the ~ked improvement in COOll~ at the rear
sp-~k-pl% gasket and the exhaust-va]ve seat, the valve-guidu
temperatures for botiathe front ~d the re~-row cylinders were
not appreciably affected by tho modified baffles, (s00 fig. 14.)
The tem~raturevaluesgiven for the front-r~ valvo guid~s are
the averages of the temperatures mgqsurud at only t~ cylindurs
~d consequently may not be raprasentative of the aide tempera-
t-ureson thu other seven front-row cylinders. Cylinder-base tem-
psraturee we~ ~feoted by the installation of thu modified
bafflds.

The gdns effected by tbe modified baf’flushavo thus far boa
givenin tome of temperaturereductions.The gaine in thrus* that
can W rtializedfor equal Ongtie COOllnR aro also of Interdst. A
Compmrlsonat a pressurealtitudeof l!j,000feet of the variation
of not thrustwith the hcttbst spark-pl]~-~s.ketand exhaust-valve-
sont temperatures, corrected to an My summer day, for the stand-
ard and the modif:ed baffle Installations is shown in figur~ 15.

I
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The difference In drag of the two

,.. .

ixlstallathls for any specified
oparatlngtemperature-canbe readilyobtained-. this figure.
Because‘~fthe relativelysmallcowl-flapdeflectionsreq&ed for”
coollngat an altitudeof 15,000feetand an indicatedairspeedof
190 milesper hour,the differencein drag of the two installations
Is not ve~ greatwhen c~d at a rear spark-plug-gaskettsm@er-
ature”of 4500F. If calculatedfor higheraltitudesat whloh
lar~ebcowl-flapdeflectionsare required,hqmver, the difference
in ~’ W rapidlyincrease.

Auxillary-Ooolhg~ts. .

A. coniparisonof the temperaturesoldzdnedwith the auxiliary-
cooling ductsand with the stan&ud and the modified baffles is
shown In figure 16 for vemiousoperatingconditions.The tempera-
turedatapresentedIn these figuresare the averagesof cylln-
dersland5. lnamnuchas the coolingduct on cylinder3 became .
looseduringthe test,.data on this cyl~er are not Included.
At a -2°angleof attack, the tem~mtures of the rear.spark-pl~
gasket wem reduced 25° F more with the auxlliexy-coollng ducts
than with the modified baffles; at a 1° angle of attack, howver,
the reductionswere a~roxlmatel.yequal. The temperatures of the
exhaust-valve seat were about the same for the two modifications
at a ‘2° angle of attack, but at a 1° angle of at~ck the tempera-
tures were ~duced approxhately 20° F more with the auxiliary-
coollng ducts than with the modified baffles. The drag of the
auxiliary-coollng-duct installation was not measured.

Althoughgreaterttipbdmre reductl”&swere obtainedwith
the auxiliary-coollngducts,the”modifiedbafflesnre less
difficultto Install.and pezmittedeasierservicingof the engine.

. . .... ,,.. . . *
. . .

Ehl&UIYOF R14UL!lS-,.. . . ..
..

Resultsfz+atesteof s4’
<

and modifiedbafflesand
a=lllary-coolingductson a double-rowradialengineIn a four-
engineheavybmber power-plantinstallation4howedthat:

1. The modifledbaffleeappreciablyreduoedthe temperatures
of the rear spark-plug gaskets, the rear spark-plug bosses,.and
the ed.laust-valveseats of ti zmir-row cyllnd&s.

2. The zadtfiedbtiles did not a~clably affectthe teun-
peraturesof the e-ust-valve guide.
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3. When ccmparedon the basis of bqualcoolin$of the rear
spark-pluggasketsand the exhaust-valveseatsat conditions : T
requlrlnglargecowl-flapdeflections,the drag of the insteUa- -
tlm equippedwithmodifiedbaffles was considemblylowerthan
with standardbaffles.

4. With the standardbaffles,temperaturesof I& dear spark-
plug gasketand the e~ust-valve seatincreasedwith an increase
In eagleof attack,whereaswith themcdifled befflesthesetem-
peraturesdecreasedslightlytithan increase in angleof attack.

5. The installationof auxiliary-cooling ductsprovideda
largemass of coolingair at the rear of the rear-rowcyllnders
and resultedin equivalent”or, in samecases,improvedcooling
overthat obtainedwith the mcd3fiGdbaffles;however,the ducts
causeda greater~tallation problemand made servicingof the
enginemore difficultthem themodifiedbaffles.
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Figuzw1● - ErontTiewof bomberpower-plantinstallationin altitudewifitunnel
showing43-inoh-diametercowlInletwithoutspinner.
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(a) Full rear view.

Fi@re 2. - Modifiedbafflesassembledon double-rw radial
engine cyllnder.
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(b) Rear right-sideTiew.

Figure 2. - Continued.
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(c) Rear left-sideview.

Figure 2e - Continued.
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(a) StandA15baffle.

(b) Modified baffle.

Figure 3. - Ineide view of left barrel baffle for a rear.row
cyllnder of double-~ radialengine.
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(b) Modifiedbaffle.

F@ure 4. - Inside view of right barrel baffle for a rear-row
cyllfier of double-ruu radial engine.
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F@ure 60 - Auxillary-coollI18ductinstalledon double-muradial engine.
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Figure8. - Looationof cylinder-headthermocoupleson
double-ruuradialenginecylinder.
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O 2 4 6 8 10 12 14 16 18
Cowl-flap deflection, deg

;gure 9.- Relation of cowl-flap deflection to cowl-flap
trailing-edge gap for production long cowl flaps.
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Figure10. - Effectof cowl-flaptrailing-edgegap on averagerear-spark-pl~-~sket
andexhaust-valve-seattemperaturesfor standardand modlfiedbafflee. Double-row
n3dialengine.
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Figure11. - Rear-spark-plug-gasketand exhaust-valve-seat
temperaturepatternsfor standardand modifiedbaffles.
Double-rowradialengine.
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(b) Brake horsepower, 2000; engine speed, 2400 rpm; angle of

attack, .203 cowl-flap trailing-edgegap, 1.58 inches.—
Figure 11.- Continued.
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(c) Brake horsepower, 1350; engine speed, 2100 rpm; angle of

attack, 1°; cowl-flap trailing-edge gap$ 1453 inches.
Figure 11.- Concluded.
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F@ure 12. - Effectof cowl-flaptrailing-edgegap on avemge mar-spark-plug-gasket
ml exhaust-valve-seattemperaturesat -2°and 1° anglesof attackfor standard
and modlfled baffles. Brak horsepower,1350. D~bie -row radial engine.
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Figure 15. - Variation of net thrustwith hottest-ar-spark-plug-
gasketand exhaust-valve-seattemperaturesfor standardand
modifiedbaffles. Variabletrailing-edgegap;angleof attack,
-2°; Iniloatedairspeed,190milesper hour;pressurealtitude,
15,000feet. Double-rowradialenginein bomberpower-plant
installation.
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Figure16. - Effect of cowl-flaptrailing-edgegap on rear-spark-plug-gasketati exhaust-valve-
seat temperaturesfor standmd baffles,modifiedbaffles,and auxiliary-coolingducts.
Double-rowradial engine.
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Figure 16.- Concluded.




